The recognition of bacterial components on the intestinal epithelial cells occurs through the toll-like receptors and is followed by the induction of an effective innate immune response. We analyzed receptor expression and signaling pathways involved in activation of human colon adenocarcinoma cells after stimulation with porins and LPS of Shigella flexneri. We also analyzed the expression and production of some cytokines, of intercellular adhesion molecule-1, of antimicrobial peptides human β-defensins, and of the inducible form of nitric oxide synthase. Our data demonstrate that TLR2 is involved in porin recognition, whereas TLR4 with MD2, is required for LPS recognition.
INTRODUCTION
The intestinal epithelium plays a crucial role in limiting direct contact of potential pathogenic bacteria with the mucosal epithelium and, in response to pathogenic bacteria, produces several cytokines and chemokines (10) Pathogenic bacteria deposit their toxic and proinflammatory surface components, such as LPS and porins, directly at the intestinal epithelial apical surface. Porins are trimeric hydrophobic proteins, resistant to proteolysis and form trans-membrane channels that allow the passive diffusion of solutes. These proteins may be released either during cell growth or during bacteriolysis (12) and cooperate with LPS (14, 16) to interfere with the cell function (15, 22) . After infection with several strains of enteroinvasive bacteria (Salmonella, E.coli, Listeria, Shigella, etc.), the intestinal epithelial cells rapidly upregulate the expression of a program of host genes to activate a mucosal inflammatory and immune response and alter epithelial cell functions (17, 19, 37) . Shigella flexneri is a Gram-negative pathogen responsible for bacillary dysentery *Corresponding Author. Mailing address: Department of Experimental Medicine, Microbiology and Clinical Microbiology Section Faculty of Medicine and Surgery, Second University of Naples, Via Costantinopoli, 16 -80138 -Napoli, Italy.; Phone +39+81-5665667 Fax +39+81-5665662.; E-mail: mariaan.tufano@unina2.it 702 Grimaldi, E. et al. in humans, the key step in its pathogenesis is the invasion of colonic epithelial cells. It was demonstrated that exposure to soluble Shigella products induced polymorphonuclear leukocytes transepithelial migration, thus indicating that the presence of extracellular bacterial products, in the absence of bacterial contact or invasion of the epithelium, was sufficient to initiate a proinflammatory response (7) . Many of the genes that are activated in intestinal epithelial cells after bacterial invasion are target genes of the transcription factor NF-κB.
NF-κB is a ubiquitous transcription factor involved in the inducible expression of a number of genes whose products, including many cytokines/chemokines and cell adhesion molecules, are involved in the inflammatory response (33) . NFκB activation in intestinal epithelial cells is mediated by acknowledgment between bacterial products and a family of transmembrane receptors termed Toll-like receptors (TLRs). These receptors are called pattern-recognition receptors because they recognize repetitive patterns, i.e., pathogen-associated molecular patterns (PAMPs), present in several microorganisms including Gram-positive and Gramnegative bacteria, fungi and mycobacteria (11, 18) . The interaction of TLRs with PAMPs results in the activation of multiple intracellular signaling events such as the activation of NF-κB and the production of cytokines (8, 24, 28) . TLR4 is required for the recognition of LPS, whereas TLR2 is required for the recognition of bacterial lipoproteins and usually of Gram-positive and mycobacterial PAMPs (32, 36) .
Each TLR is a type 1 membrane protein, which, upon activation, results in the recruitment of myeloid differentiation factor 88 (MyD88) an adaptor protein that interacts with the TLRs through its own C-terminal Toll/IL-1R (TIR) domain (2, 4, 23, 31) . The aim of this study was to evaluate the role of porins in directly stimulating the intestinal epithelium and, in particular, the exposure of the intestinal epithelium to Shigella flexneri porins. We analyzed the expression and production of some proinflammatory and chemoattractant cytokines such as IL-8, TNFα, and IL1-β, of intercellular adhesion molecule ICAM-1, of antimicrobial peptides human defensins HBD1 and HBD2, and of the inducible form of nitric oxide synthase (iNOS).
The possible differences in the signal transduction between porins and LPS and the functional importance of these molecules in activating NF-κB dependent proinflammatory genes in human colon adenocarcinoma cells were also investigated.
MATERIALS AND METHODS

Cell culture and stimuli
Caco-2 cells were cultured in Dulbecco's Minimum Essential Medium (DMEM; GIBCO) supplemented with 2 mM glutamine, 100 U/ml penicillin, 0.1 mg/ml streptomycin and 10% fetal calf serum (FCS), in a 5% CO 2 incubator.
Caco-2 cells were grown as monolayers at 37°C on 6-well tissue culture clusters (Costar). In order to obtain polarization, the Caco-2 cells were cultured on transwell membranes. In these conditions, the cells undergo enterocytic differentiation and form a polarized monolayer, closely resembling, both morphologically and functionally, the human small intestine epithelium. The cells were stimulated for 3, 6 and 24 h with 10µg/ml of LPS and 10 µg/ml of porins and incubated at 37°C in modified atmosphere at 5% CO2. (38) and sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (34) . To demonstrate that the results obtained with porin stimulation were due to the effect of the porins and not to LPS contamination, we used LPS at 10 ng/ml as an inner control. This concentration was higher than that found in our porin preparation and lower than that chosen as the best for all the experiments. 
Expression of ICAM-1, iNOS, HBD1, HBD2
ICAM-1, iNOS, HBD1, HBD2 mRNA expressions were determined in Caco-2 cells treated with porins and LPS (10µg/ml), at 3, 6 and 24 h. As shown in 
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Expression of TLR4, TLR2 and MyD88
Real-Time PCR assay showed that porins induced TLR2 expression on Caco-2 cells (Fig. 4) . 
NF-kB expression by Caco-2 cells in response to porins and LPS
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To determine the involvement of the transcriptional factor NF-κB, we performed an EMSA assay with NF-κB consensus oligonucleotide in Caco-2 cells treated or not with porins and LPS for 90 min. Fig.6 shows the activation of the transcriptional factor NF-κB in response to both LPS and porins. 
